Summary We investigated the incidence of fragility fractures from 2010 to 2012 in Sakaiminato, Japan. The incidence rates of limb fractures in Sakaiminato were lower than in Caucasian populations but had increased relative to data obtained in Japan in the 1990s. Clinical vertebral fractures occurred at higher rates in Sakaiminato than in Caucasian populations. Introduction To elucidate the incidence and prognosis of fragility fractures in Sakaiminato, Japan. Methods A survey of all hip, distal radius, proximal humerus, and clinical vertebral fractures was performed from 2010 to 2012 in patients aged 50 or older in Sakaiminato city, Tottori prefecture, Japan. The age-and gender-specific incidence rates (per 100,000 person-years) were calculated based on the population of Sakaiminato city each year. The incidence rates of hip, distal radius, and proximal humerus fractures were compared with previous reports. We conducted a follow-up study assessing patients within 1 year following their initial treatment at two Sakaiminato hospitals. Results The age-adjusted incidence rates in population aged 50 years or older (per 100,000 person-years) of hip, distal radius, proximal humerus, and clinical vertebral fractures were, respectively, 217, 82, 26, and 412 in males and 567, 432, 96, and 1229 in females. Age-specific incidence rates of hip, distal radius, and proximal humerus fractures all increased since the 1990s. Our study also revealed that antiosteoporotic pharmacotherapy was prescribed 1 year postfracture at rates of 29, 20, 30, and 50 % for patients with hip, distal radius, proximal humerus, and clinical vertebral fractures, respectively. Conclusions The incidence rates of limb fractures in Sakaiminato were substantially lower than Caucasian populations in northern Europe but had increased relative to data obtained in Japan in the 1990s. Unlike upper and lower limb fractures, clinical vertebral fractures occurred at higher rates in our study population than in other Asian and North European countries.
Introduction
Osteoporosis constitutes a major public health problem through its association with fragility fractures. It is difficult to accurately estimate the number of patients with osteoporosis because the prevalence rate varies depending on the diagnostic criteria used. However, since the occurrence of fragility fractures can be relatively easily determined, analyzed, and compared between different regions and ethnic or racial groups, the incidence rate of these fractures can be used as a surrogate for that of osteoporosis. Osteoporosis-related fragility fractures usually involve the hip, distal radius, proximal humerus, and vertebra. It has been reported that hip fracture incidence is lower in Asian and Latin American than in western populations [1, 2] . Distal radius and proximal humerus fractures have also been reported to occur at lower frequencies in Asian than in western populations [3] . Few Asian studies have reported the prevalence or incidence of clinical vertebral fractures by sex and age, and the paucity of available data prevents a meaningful geographic comparison of this type of fracture.
Whereas chronological changes in the incidence of hip fracture have been reported in Asia and other parts of the world, no Asian studies have examined changes over time in the incidence of distal radius or proximal humerus fractures.
With this background, it is necessary to clarify the numbers and incidence rates of fragility fractures over time in Asian countries. The main purpose of our survey was to elucidate the incidence rates of hip, distal radius, proximal humerus, and clinical vertebral fractures in Sakaiminato, Tottori Prefecture, and to evaluate recent trends in the incidence of all four fracture types.
Patients and methods

Study site
The study was conducted in Sakaiminato, located in midwestern Japan. The city population was 35 
Patients
The study included men and women aged 50 or older who lived in Sakaiminato and visited medical institutions for hip, distal radius, proximal humerus, or clinical vertebral fractures occurring between January 2010 and December 2012. In Sakaiminato, there were two hospitals with a department of orthopedic surgery or general surgery, and four clinics operated by orthopedic surgeons or general surgeons that might possibly treat patients with fractures. All patients presenting with fractures at these hospitals and clinics during the abovementioned timeframe were the initial subjects of this survey. In addition, this study included patients who visited four hospitals in Yonago, which is situated adjacent to Sakaiminato. Survey registration was performed prospectively by the doctors or medical staff at each hospital and clinic. Exclusion criteria were pathological fractures and residence in cities other than Sakaiminato. Registration information included name, gender, age, place of residence, date of fracture, type of fracture (for hip fractures), treatment, whether injury occurred indoors or outdoors, cause of fracture (in hips only), anti-osteoporotic drug intake at the time of the fracture, and previous fracture history (occurring at or after age 50). Duplication of cases was avoided by checking patients' ages, dates of fracture, types of fracture, and addresses. Incident fractures at each site were counted independently.
Mortality, ambulatory ability, and osteoporosis treatment
We conducted a follow-up study assessing patients within 1 year following their initial treatment at two Sakaiminato hospitals. Co-investigators at each hospital sent letters to patients who met the study inclusion criteria. The informed consent forms and survey documents were sent to the billing addresses reported at the time of the patients' last hospitalizations. Patients and/or their family members were asked to sign the consent form and complete and return the questionnaire in a self-addressed, stamped envelope if they agreed to participate in the study. The questionnaire evaluated the following: if the patient was currently alive or dead, if osteoporosis medications were being taken, changes in ambulatory ability, and the occurrence of any new fractures within 1 year after the first fracture. Patients' ambulatory ability was divided into the following five categories: ability to walk without difficulty, ability to walk outside with a walking aid, ability to walk only inside with an aid, inability to walk without support, and complete inability to walk. A review of medical records determined whether questionnaires contained insufficient data. If missing data could not be obtained by other means, the information was ascertained by telephone interview.
Diagnosis
All limb fractures were examined by X-ray. The hip fractures accounted for cervical and trochanteric fractures of the femur. Distal radius and proximal humerus fractures accounted for approximately one-third and one-fourth of the overall bone length, respectively. For vertebral fractures, we defined clinical incident fractures as new fractures. These were found in patients who visited the hospital for symptoms such as back pain and were judged to be new vertebral fractures by an orthopedic doctor based on X-ray and physical examination. Magnetic resonance imaging was used when conventional radiographs were insufficient for diagnosing a fresh fracture. Prevalent and old fractures were excluded from the analysis.
Statistical analysis
The patients were divided into groups according to age (subdivided into 5-year increments), gender, and fracture type. The age-and gender-specific incidence rates (per 100,000 person-years) were calculated based on the yearly populations of Sakaiminato. The age-and gender-specific populations during each survey year were estimated by the Bureau of Statistics of the Sakaiminato Government Office according to its resident registration records. The results of the current survey were compared with the fracture incidences in Sakaiminato from 1992 to 1995 as reported before [3] . For the purpose of this comparison, these previous data were reanalyzed. To compare the incidences in this survey with those from the previous data, we used age-standardized incidence rates, which are weighted averages of the age-specific incidence rates of people in the corresponding age group in a standard population in Japan in 1985. The Poisson regression model was used to test the time trend. Standard rate ratios (SRRs) were calculated with 95 % confidence intervals. The study was approved by the local ethics research committee at the Faculty of Medicine, Tottori University.
Results
Incidence rates
Hip fracture
The survey found 211 new hip fractures in 50 males and 161 females, giving a male-to-female ratio of 1:3.2 ( Table 1 ). The incidence rate per 100,000 person-years in patients aged 50 years or older was 217 in males and 567 in females. In both genders, incidence rates increased with age, and the highest incidence rate was observed in the group aged 85 years or older.
Distal radius fracture
The survey found 141 new distal radius fractures in 19 males and 122 females, giving a male-to-female ratio of 1:6.4. The incidence rate per 100,000 person-years in patients aged 50 years or older was 82 in males and 432 in females. The highest incidence rate was observed in the group aged 60-69 years.
Proximal humerus fracture
The survey found 33 new proximal humerus fractures in 6 males and 27 females, giving a male-to-female ratio of 1:4.5. The incidence rates per 100,000 person-years in patients aged 50 years or older were 26 in males and 96 in females, and as was the case with hip fractures, incidence rates increased with age in females.
Clinical vertebral fracture
The survey found 442 new clinical vertebral fractures in 95 males and 347 females, giving a male-to-female ratio of 1:3.7. The incidence rates per 100,000 person-years in patients aged 50 years or older were 412 in males and 1229 in females and were higher than those observed with hip, distal radius, and proximal humerus fractures. As with hip fractures, incidence rates increased with age in both genders.
Trends in age-specific incidence over time
We examined the changes in incidence rates of hip, distal radius, and proximal humerus fractures compared with the previous data from Sakaiminato ( Table 2 ). The Poisson estimated SRRs were 1.32 (95 % CI, 1.25-1.39) for hip fractures, 1.63 (95 % CI, 1.57-1.69) for distal radius fractures, and 1.10 (95 % CI, 1.01-1.20) for proximal humerus fractures.
Past history of fragility fractures
Previous fractures were identified by interview (Table 3) . Previous fractures were found in 35 % (290/827) of the patients surveyed. Previous fractures of hip, distal radius, proximal humerus, and clinical vertebral fractures were, respectively, 
Anti-osteoporotic drugs taken
The proportions of patients receiving anti-osteoporotic drug therapy at the time of hip, distal radius, proximal humerus, and clinical vertebral fractures were 16, 9, 15, and 18 %, respectively. Of patients with a previous fracture, 31 % were on an anti-osteoporotic medication at the time of fractures.
Mortality, ambulatory ability, subsequent fractures, and post-injury osteoporosis treatment
Two hundred and ninety-seven of the 516 patients (58 %) returned their questionnaires (Table 4 ). There were no significant differences in age, sex, or fracture type between responders and nonresponders. Four respondents experienced fractures on multiple occasions; in these cases, only the first fracture was counted. Twenty-seven patients (9 %) died within 1 year after the first fracture, 83 (28 %) had impaired ambulatory ability, and 55 (19 %) experienced subsequent fractures within 1 year after the first fracture. A total of 110 patients (37 %) were receiving osteoporosis medications.
Discussion
Because Sakaiminato is surrounded on three sides by the sea, patient transfer to one of the core regional hospitals in the adjacent districts can be time-consuming. Therefore, all patients with fractures should be treated at a hospital or a clinic within Sakaiminato itself. Its population is not large, but it is homogeneous, making this area appropriate for an epidemiological study of osteoporotic fractures. As Sakaiminato is comparable to other areas in Japan with respect to the proportion of children aged 14 years or younger, rate of employment, mean longevity, and the number of medical institutions per 100,000 residents, this community could reflect overall health trends in Japan. In comparison with the incidence rates of hip, distal radius, and proximal humerus fractures previously reported in Caucasian populations in northern Europe [4] [5] [6] [7] [8] [9] , the incidence rates for both genders in Sakaiminato were Data are the expected numbers of patients adjusted for the age-and gender-specific incidences in each year based on a model population in 1985 in Japan
The incidence rates were calculated using each year's population ASR age-standardized incidence rates, SE standard error, SRR standard rate ratio=ASR (2010-2012)/ASR (1992-1995 or 1992-1994) substantially lower. Specifically, we identified hip fracture rates of 194 and 491 in males and females, respectively, while those in other studies ranged from 264 [6] to 399 [5] and from 573 [4] to 880 [5] , respectively. The proximal humerus fracture rates in this study were 24 and 85 in males and females, respectively, compared to previous findings of 152 [8] to 265 [7] and 416 [8] to 497 [7] , respectively. The distal radius fracture rates in this study were 76 and 427 in males and females, respectively, compared to previous rates of 116 and 501 [9] , respectively (per 100,000 person-years). The data from the studies cited above were adjusted to a population aged 50 years or older in 2010 in Japan (http://www.stat.go. jp/english/index.htm). Overall, these findings suggest a trend similar to those previously reported in the literature [1] [2] [3] . The incidence rates of hip fractures in Sakaiminato have increased since the 1990s. Increases in the incidences of hip fractures over time have been reported in Asian countries, including Japan [10, 11] . However, studies in North America, Europe, and Oceania have reported incidence decreases [12] [13] [14] [15] [16] [17] [18] [19] . Secular trends in the incidence of distal forearm fractures have been evaluated in North America [19] , Australia [20] , Sweden [21] , and the Netherlands [9, 22] . The incidence rates of distal forearm fractures due to mild trauma appear to be relatively stable or to have decreased in most of these studies. The incidence rates of proximal humerus fractures in Finland increased between 1970 and 2002 in both genders [23] ; while in Iceland, the incidence of this fracture type increased until 2001 but has declined in women over the last decade [24] . We previously reported significant increases in the incidences of fractures of the distal radius (in females) and proximal humerus from 1986 to 1995 [3] . In the current study, we found that the incidence rates of distal radius and proximal humerus fractures increased from 1995 to 2012, suggesting that the incidence rates of distal radius and proximal humerus fractures may continue to increase in Sakaiminato in coming years. The secular increases in hip fractures coincided with inadequate treatment of osteoporosis, the obesity epidemic, lifestyle factors, increased treatment of seniors due to poor health secondary to other conditions, and increasing urbanization [10, 25] . However, the definitive factors responsible for the secular increases in the incidences of these fractures are unknown. Compared with previous data from 2004 to 2006 in Tottori Prefecture, Japan [10] , the incidence of hip fractures in females remained nearly unchanged from 2004 to 2012, although in males it increased over time. In Hong Kong and Taiwan, the incidence rates of hip fractures reached a plateau in the late 2000s [26, 27] .
Sakuma M et al. reported the incidence of clinical vertebral fractures in Sado, Japan [27] . However, the current study was the first to report the gender-and age-specific incidence rates of clinical vertebral fractures in a Japanese population. The incidence rates of clinical vertebral fractures in this study were higher than those in Sweden or Hong Kong [28, 29] . We identified clinical vertebral fracture rates of 381 and 1089 in males and females, respectively, while those in other studies ranged from 225 [29] to 260 [28] and 427 [29] to 916 [28] , respectively (per 100,000 person-years). The data from the studies cited above were adjusted to a population aged 50 years or older in 2010 in Japan (http://www.stat.go.jp/ english/index.htm). Comparison with previous reports showed that the incidence of morphometrically evaluated incident vertebral fractures was higher in a Japanese than a Caucasian population [30] . It is suspected that small bone size, lower bone mineral density, or lifestyle differences such as low calcium intake are responsible for this difference [31] [32] [33] [34] [35] . A past survey of morphological vertebral fractures in a Japanese population found incidences per 100,000 person-years of 4000 in women in their seventies and 8400 in women in their eighties [30] . We identified rates of clinical vertebral fractures that were about a third of these values, which is consistent with a previous report [36] .
The percentages of patients receiving anti-osteoporotic medication at the time of hip, distal radius, proximal humerus, and clinical vertebral fractures were 16, 9, 15, and 18 %, respectively. The percentage of patients receiving antiosteoporotic pharmacotherapy among those who had previous fracture episodes was 31 %. Our findings showed that similar to other studies [37] [38] [39] , the prevalence of anti-osteoporotic therapy was low among patients who had sustained fractures. Our study also revealed that anti-osteoporotic pharmacotherapy was prescribed 1 year after fracture at rates of 29, 20, 30, and 50 % for patients with hip, distal radius, proximal humerus, and clinical vertebral fractures, respectively. Research conducted in Japanese patients indicated that anti-osteoporotic pharmacotherapy was administered to 18.7 % of patients with hip fractures 1 year after injury and 13.4 % of patients with distal radius [40, 41] . Similar trends were observed in Denmark, the United States, and Belgium [38, 42, 43] , suggesting inadequate anti-osteoporotic treatment for secondary fracture prevention in fragility fracture patients. Our results suggest that strategies need to be developed to provide osteoporosis drug therapy to patients with fragility fractures and to increase subsequent compliance.
Limitations
Our study has some limitations. First, it is possible that some Sakaiminato residents may have received fracture treatment outside Sakaiminato and were therefore not included in this study. However, considering the area's geographical features, the number of such patients is likely to be very small. Second, the population of Sakaiminato is not large. We therefore used a 3-year survey period to obtain an adequate amount of data. Third, we excluded pathological fractures from this survey, but they generally comprise only a small portion of overall fractures.
Conclusion
In the current study, the incidence rates of hip, distal radius, and proximal humerus fractures in Sakaiminato increased relative to data obtained in the 1990s. At the same time, the incidence of hip fractures remained unchanged from 2006 onwards. Unlike upper and lower limb fractures, clinical vertebral fractures occurred at higher rates in our study population than in other Asian and North European countries. The prevalence of anti-osteoporotic therapy was low among patients with fragility fractures, both before and after the fractures.
